Is there an intrinsic characteristic of free moist atmospheric convection that induces a particular type of space-time structure within cloud fields? What is the expected nature of the spatial distribution of cumuli within unforced cumulus cloud fields? This paper is one of two in this collection that addresses these fundamental questions. The thermodynamic effects of convection are quantified as functions of changes of convective available potential energy (CAPE) induced by the convective overturning. The time rate of change of CAPE is parameterized in terms of a kernel of influence or stabilization function. A three-dimensional cloud model is used to infer and quantify stabilization functions by performing single-cloud experiments. Measured stabilization functions are positive everywhere, decreasing away from the cloud center. Stabilization functions are decomposed into various thermodynamic contributions involving pressure, temperature, and moisture changes in the boundary layer and above. It is observed that the major contribution to the environmental stabilization comes from the drying of the planetary boundary layer induced by subsidence. The thermodynamic effect of nonprecipitating and precipitating convection is to reduce CAPE in the surrounding environment and hence reduce the conditional probability of further convection nearby. A new hypothesis with respect to the spatial distribution of cumuli is postulated. The inhibition hypothesis states that, under completely homogeneous external conditions and assuming a spatially random distribution of cloud-trigering mechanisms, the spatial distribution of cumuli in the resulting cloud field must be regular, as opposed to either random or clustered, because cumulus clouds tend to reduce the available energy for convection, thereby inhibiting further convection nearby. The following sections will quantify the thermodynamic influence of a convecting region on the surrounding atmosphere. This influence will be measured in terms of changes of convective available potential energy (CAPE). Convectively induced changes in CAPE will be parameterized in terms of a kernel of influence or stabilization function whose time rate of change is defined in the next section.
The following sections will quantify the thermodynamic influence of a convecting region on the surrounding atmosphere. This influence will be measured in terms of changes of convective available potential energy (CAPE). Convectively induced changes in CAPE will be parameterized in terms of a kernel of influence or stabilization function whose time rate of change is defined in the next section.
In order to infer and quantify the defined kernel, a three-dimensional cloud model is used. Single-cloud experiments are designed and performed to study thechange of CAPE induced by convection. The observed behavior is explained by decomposing the resulting kernel function into various thermodynamic contributions involving pressure, temperature, and moisture changes in the boundary layer and above.
It is observed that the integrated time rate of change of CAPE is negative everywhere, becoming less negative away from the cloud center. The reduction of CAPE extends over several cloud radii and is long lasting. This reduction of CAPE continues to exist after cloud dissipation for times comparable to cloud development time. The thermodynamic effect of nonprecipitating and precipitating convection is to reduce CAPE in the surrounding environment and hence reduce the conditional probability of further convection 2O47 developing nearby. This is called the inhibition hypothesis. Building on literature on inhibitory spatial processes, this result implies that the thermodynamic effects of convection favor a regular spatial distribution, characterized by a tendency to maintain a minimum distance between clouds. The objective definition of regularity and the test and verification of the inhibition hypothesis are carried out in the accompanying paper [Ramirez and Bras, The time rate of change of CAPE represents the net effect of stabilizing and destabilizing atmospheric processes. In general, the change in CAPE can be decomposed as due to cumulus convection processes on the one hand, and to all other processes on the other hand.
The main assumptions of the work reported here are that the effects of cumulus convection on the surrounding thermodynamic environment can be defined by a stabilization function in the time and space domains, that the stabilization function can be expressed as a function of the time rate of change of convective available potential energy, and that the spatial distribution of the convection-induced stabilization, that is, the nature of the stabilization kernel in the space domain, is an important factor in determining how cumuli are spatially distributed within unforced cumulus cloud fields. The stabilizing effect of a single cumulus cloud on its surrounding thermodynamic environment is then written as 
Cloud Experiments
Four single-cloud experiments, as described in Table 1 , were designed and performed in order to isolate and measure the effects of individual clouds on their surrounding thermodynamic environment. Both purely thermodynamic (e.g., warm bubble) and purely dynamic perturbations were used to initialize convection. Since a purely thermodynamic initialization affects the very same thermodynamic fields which need to be measured in order to compute A( ) and K( ), nondivergent momentum perturbations were used to initialize clouds R1TEST and S1TEST. Only results from clouds R1TEST and S1TEST are discussed below. Although both S1TEST and R1TEST were initialized with a momentum perturbation of equal energy input, the region affected by the perturbation was much larger for experiment S1TEST. Neither surface fluxes (e.g., evaporation from the ground, surface heating) nor radiative effects is included in the simulation of isolated clouds. No large-scale forcing is provided, either. The initial conditionally unstable atmospheric state is allowed to evolve as convection takes place. By providing no large-scale forcing, the thermodynamic effects of convection are isolated. Convection is induced by a nondivergent, instantaneous momentum perturbation whose integrated energy input is barely enough to overcome the stable stratification of the PBL. Initial thermodynamic In computing stabilization kernels for clouds R1TEST and S 1TEST, both dilute and undilute ascent cases were considered. Mixing is defined in terms of the fractional rate of entrainment, A, which gives the fraction of the total mass of the parcel gained through a vertical displacement dz. (See Appendix B for details on the mixing process.) Dilution by entrainment was achieved by assuming isobaric mixing and conservation of total water mixing ratio and moist static energy. Mixing will in general reduce both the moist static energy of the parcel and its total water mixing ratio. Parcel buoyancy is drastically reduced as a result. Entrainment significantly reduces the available energy for convection as compared with the undilute case. For isolated parcels the entrainment process represents the only mechanism through which a feedback can be established between PBL parcels and existing clouds. 2. Neither RITEST nor S1TEST affects, in an appreciable manner, the distributions of potential temperature or of virtual potential temperature of the ambient air. However, the induced changes in surface thermodynamic conditions lead to pronounced effects on the parcel soundings. This effect is more noticeable for cloud R1. The parcel soundings show a decrease in the rate of increase of virtual potential temperature with height, and reach the dry adiabatic state at a lower height.
3. All these effects combine to produce a net stabilization which is of considerable magnitude, as can be elicited from the strong reduction in CAPE and the increase in the negative area.
The most conspicuous effect is a reduction in the water vapor mixing ratio of the PBL while the surface temperature remains very close to the initial temperature. This results in a net reduction of CAPE for the surface parcel and, consequently, a net stabilization of the environment.
Inferred Stabilization Kernels
The time evolution of the stabilization kernel is illustrated in Figure 3 Table 1 ). These stabilization functions are qualitatively similar to the distributions of liquid buoyancy determined by Bretherton [1987] in his study on "linear" nonprecipitating convection. In fact, as can be clearly seen from (1) and (3), the stabilization function used here represents an integrated measure of the convectively induced changes in parcel buoyancy. Results of this work, and of Bretherton's, indicate that buoyancy and, consequently, CAPE are reduced around a cloud, and as will be shown in the following section, this is a direct consequence of the adiabatic warming and drying induced by subsiding air.
Kernel Components
Two major components contribute to the definition of the stabilization kernel. The first is the total change in the ambient thermodynamic conditions. The second is the total change in the parcel thermodynamic conditions, which are in turn determined by the PBL initial conditions and, in the case of mixing, also by the ambient virtual potential temperature. As defined, the stabilization kernel should be decomposable into a PBLchange component and an upper-air-change component. These components were computed for the case of undilute (nonentraining) moist adiabatic ascent [Ramirez, 1987] . They refer to the different physical quantities that define the thermodynamic state of both the parcel and the environment. As indicated in Table 2 the main contribution to the stabilization kernel comes from changes in the PBL thermodynamic conditions as they affect the corresponding parcel soundings. In particular, the moisture reduction within the PBL produces the most signifi- [1980] argue that stabilization functions with relative minima at the cloud (diplike) would account for the assumed clustering, in contrast to stabilization functions with maxima at the cloud (peaklike). A clustering tendency for clouds would require a relative destabilizing effect near regions of active convection. This implies that the stabilization induced by convection must increase away from the cloud center or be negative (destabilizing) near the cloud. It is shown below that dip profiles are feasible only if there is an external forcing that maintains the PBL thermodynamic conditions nearly constant throughout convective overturning, a condition that would be hard to achieve. Figure 6 shows the evolution of the parcel buoyancy function for cloud R1 (similar results are available for cloud S 1). The initial PBL thermodynamic conditions of the parcel are artificially held constant in the computations so as to be For the SITEST the decomposed total is 36.05% and the computed total is 40.1%. For the RITEST the decomposed total is 67.93% and the computed total is 70%. (e.g., for use in hydrology). Inferred kernels, obtained from simulated clouds, show spatial distributions of stabilization which are in agreement with qualitative conceptual arguments based on the expected dynamics of convection [Ramirez, 1987] . Both conceptual arguments and observed kernels differ from those that have been suggested in the literature. The stabilization functions represent the fundamental character of the cumulus-scale large-scale interaction during free convective overturning. Second, the spatial distribution of the stabilization induced by convection has been shown to be maximum at the cloud and to decrease to zero with distance away from the cloud. This contrasts with the kernels that are suggested in the meteorology literature which are of the dip type [Randall and Huffman, 1980] . No evidence was found that indicated the existence of dip type stabilization functions in the simulated clouds.
Third, the thermodynamic effects of unforced convection, as measured by the stabilization function, are of finite areal extent. In terms of horizontal cloud size as described by cloud radius, these effects extend out to several cloud radii.
This fact is also in qualitative agreement with results by
Bretherton [1987, 1988] reduces the available potential energy for further convection. The conditional probability of cloud occurrence in the neighborhood of an existing cloud is reduced with respect to the unconditional probability. The convection process is inhibitory of further convection [Ramirez, 1987] . Randall and Huffman [1980] have suggested that the spatial distribution of cumulus clouds, which they assume to be clustered, is the consequence of a stabilization function of dip type, which they associated with a so-called mutual protection hypothesis. However, as discussed above, the induced stabilization reduces the likelihood of convection nearby. Assuming that convection has no effect on the distribution of cloud-triggering mechanisms (CTMs) and given that convection reduces the buoyancy, and thus the energy available for convection everywhere, a given perturbation (CTM) may not produce a cloud where it would have otherwise if convection had not depleted the available CAPE. Convection inhibits further convection nearby. Within this framework, a cloud process resulting from a random population of CTMs should appear as an inhibition process. Clouds will tend to be surrounded by cloud-free areas which correspond to the regions of influence of their stabilization functions. If the density of CTMs is such that clouds will compete for the limited supply of CAPE, the resulting spatial distribution of clouds should be gridlike A new hypothesis with respect to the spatial distribution of cumuli was suggested. The inhibition hypothesis states that, under completely homogeneous external conditions and assuming a spatially random distribution of cloudtriggering mechanisms, the spatial distribution of cumuli in the resulting cloud field must be regular, as opposed to either random or clustered, because cumulus clouds tend to reduce the available energy for convection, thereby inhibiting further convection nearby. Clearly, the inhibition hypothesis is postulated under very restrictive conditions. Unforced convection, as presented here, implies that mechanisms like wind shear and heterogeneity of surface fluxes are not accounted for. These mechanisms may be the dominant ones in real atmospheric convection. However, the work presented here and by Ramirez and Bras [this issue] helps clarify one of the many effects of the very complex convection process. 
